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$\dot{x}_{i}=x_{i}f_{i}(x_{1}, x_{2}, \ldots, x_{n})$ , $i=1,2,$ $\ldots,$ $n$ . (1)
, $x_{i}$ $i$ , $f_{i}$ $i$ 1
. $f=(f_{1}, f_{2}, \ldots, f_{n})^{T}$ $x=(x_{1}, x_{2}, \ldots, x_{n})^{T}$
, $f$ , :
$\{\begin{array}{l}\dot{x}_{i} = x_{i}f_{j}(x_{i}, z), i=1,2, \ldots, nz = s(x_{1}, x_{2}, \ldots, x_{n}).\end{array}$ (2)
, $f_{i}$ : $\mathbb{R}_{+}\cross \mathbb{R}arrow \mathbb{R}$ $x_{i}$ $z$ . $z$ $s$ : $\mathbb{R}_{+}^{n}arrow \mathbb{R}$
. $z$ ,
(regulating factor [11], limiting factor [9]) . , $f_{i}$ $x_{i}$
, .
, $i$ , $i$ , (2)
$f_{i}$ $z$ $x_{i}$ . $f_{i},$ $s$ $C^{1}$ , :
(Hl) :
$i$ $\frac{\partial f_{i}}{\partial x_{1}}<0$ $\frac{\partial f_{i}}{\partial z}\frac{\partial s}{\partial x_{i}}<0$.
, :
(H2) : $f_{i}(O, z_{i})=0$ $z_{i}\in \mathbb{R}$ ,
(i) $i$ $\frac{\partial f_{i}}{\partial z}>0$ , $z_{1}<z_{2}<\ldots<z_{n}$
(ii) $i$ $\frac{\partial f_{i}}{\partial z}<0$ , $z_{1}>z_{2}>\ldots>z_{n}$ .
$z_{i}=s(K_{i}e_{i})$ $K_{i}>0$ ( $e_{i}$ $\mathbb{R}^{n}$ $i$ ).
(i) , $z$ . , , $z$
. , $z_{i}$ , $i$
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( $R^{*}$ [18, 19] ). , (ii) ,
$f_{i}$ $z$ . , , $z$
. $z_{i}$ , $i$
( $P^{*}$ [6] ).
, , (2)





$\{\begin{array}{l}\dot{x}_{i} = x_{i}f_{i}(0, z), i=1,2, \ldots, nz = s(x_{1}, x_{2}, \ldots, x_{n}).\end{array}$ (3)
[1, 9, 10, 20] . , [1] $f_{\mathfrak{i}},$ $s$ $\partial f_{1}/\partial z>0$ ,
$\partial s/\partial x_{i}<0$ , .
1 (c.f. Theorem Dl [1]). $\partial f_{i}/\partial z>0,$ $\partial s/\partial x_{t}<0,$ $\forall\iota$ $\partial f_{i}/\partial z<0,$ $\partial s/\partial x_{i}>0$ ,
$\forall i$ . $x(0)\in \mathbb{R}_{+}^{n},$ $x_{1}(0)>0$ , (3) $\lim_{tarrow\infty}x_{1}(t)=K_{1},$ $\lim_{tarrow\infty}x_{i}(t)=0$ ,
$i=2,$ $\ldots,$ $n$ .
, ,
, $x_{1}$ . $x_{1}$ , $x_{1}$ $x_{2}$






2 ( , nonlinear complementarity problem). $F:\mathbb{R}^{n}arrow \mathbb{R}^{n}$
, $x\in \mathbb{R}^{n}$ NCP(F) :
$x\geq 0$ , $F(x)\geq 0$ , $x\cdot F(x)=0$ .




$x\geq 0,$ $F(x)\geq 0$ ,
$i$ $F_{i}(x)x_{i}=0$ .
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. supp(x) $=\{i :x_{i}>0\}$ , (1) $x^{*}\geq 0$
$x_{i}^{*}=0$ $i\not\in supp(x^{*})$ , $f_{i}(x^{*})=0$ $i\in supp(x^{*})$
. $f_{i}(x^{*})\leq 0,$ $i\not\in supp(x$ , $x^{*}\#^{\vee}\vee$
$f_{i}(x^{*})$ . ,
, . (1) $x^{*}\geq 0$
, $x_{i}^{*}f_{i}(x^{*})=0$ $i$ . , (1)
NCP(-f) [16, 17] ([4] ).
, $P$ , $P$ ,
. , (2) 1
4($P$ ). $n\cross n$ $A$ , $P$ :
$x\neq 0\Rightarrow\max_{1\leq i\leq n}x_{i}(Ax)_{i}>0$ .
5( $P$ ). $F$ : $\mathbb{R}^{n}arrow \mathbb{R}^{n},$ $D\subset \mathbb{R}^{n}$ . $F$ , $D$ $P$
:
$x,$ $y\in D,$ $x\neq y\Rightarrow 1\leq|\leq n\max(x_{i}-y_{i})(F_{i}(x)-F_{i}(y))>0$.
6 (Theorem 2.3 [12]). $F$ : $\mathbb{R}^{n}arrow \mathbb{R}^{n}$ $\mathbb{R}_{+}^{n}$ $P$ ,
NCP(F) 1 .
, (2) 1 , $-f$ $P$
. , $-f$ $x$ Jacobi $D_{x}f$ $x\in \mathbb{R}_{+}^{n}$
$P$ , $-f$ $P$ .
7 (c.f. [15]). $n\cross n$ $A$ $A=$ diag $[u|+vw^{T}$ . , $u<0$ , viwi $<$
$0,$
$\ldots,$ $v_{n}w_{n}<0$ . , $A$ VL .
Proof. $D=$ diag$[-w_{l}/v_{1}, \ldots, -w./v.]>0$ , $x\neq 0$
$x\cdot(DA+A^{T}D)x=-2\{(w\cdot x)^{2}+u_{1}\frac{w_{1}}{v_{1}}x_{1}^{2}+\cdots+u_{n}\frac{w_{n}}{v_{n}}x_{n}^{2}\}<0$ .
8 (Theorem 3 [3], Theorem 5.2 [13]). $F$ : $\mathbb{R}^{n}arrow \mathbb{R}^{n}$ , $D$ $\mathbb{R}^{n}$
. $D_{x}F$ $D$ $P$ , $F$ $D$ $P$ .
9. (Hl) . $f$ (2) , $-f$ $\mathbb{R}_{+}^{n}$ $P$ .
Proof. $-f$ Jacobi $-D_{x}f$ :
$-D_{x}f=$ -diag $[ \frac{\partial f_{1}}{\partial x_{1}}$ , . . . ’ $\frac{\partial f_{n}}{\partial x_{n}}]-(\begin{array}{l}\perp\partial_{1}\partial z\vdots\perp\partial_{n,\partial z}\end{array})(\frac{\partial\epsilon}{\partial x_{1}},$ $\ldots,$ $\frac{\theta\epsilon}{\partial x_{n}})$ .
7 $D_{x}f$ x $\in \mathbb{R}$n$+$ # VL , $-D_{x}f$ $x\in \mathbb{R}_{+}^{n}$
$P$ [2, 5]. , 8 $f$ $\mathbb{R}_{+}^{n}$ $P$
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$x^{*}$ (2) Jacobi $J$ $J=$ diag $[x_{1}^{*}, \ldots , x_{n}^{*}]D_{x}f$ , 7 $x^{*}$
. $\mathbb{R}_{+}^{n}$ $x^{*}t$) oupp $(x^{*})$
, $x^{*}$
. .
10. (Hl) . (2) 1 , .
(1) [4, 5]. , (2)
(Hl) 1 .
4
(Hl) , (H2) . $\partial f_{i}/\partial z>0$
, $\partial f_{i}/\partial z<0$ .
11. (Hl), (H2) . $X^{*}$ (2) . , suPP(X$*$ ) $=\{1,2, \ldots , k\}$
$k\geq 1$ .
Proof. $k=$ max SuPP $(x^{*})$ . , $supp(x^{*})=\{1,2, \ldots, k\}$
. , $k$ $l$ $x_{l}^{*}=0$ . $z^{*}=s(x^{*})$ . $x_{k}^{*}>0$
, $f_{k}(x_{k}^{*}, z^{*})=0$ . $z_{k}\geq z^{*}$ $f_{k}$ $0=J_{k}(x_{k}^{*}, z^{*})<f_{k}(0, z^{*})\leq f_{k}(0, z_{k})=$




. , $f_{i}(x_{i}, z)=r_{i}(1-x_{i}/K_{i})-a_{i}z,$ $r_{i}>0,$ $K_{t}>0,$ $a_{i}>0$
. , , $K_{i}$ $i$
. , , $K_{i}$
, $i$ $i$ . ,
$z_{i}=r_{i}/a_{i}$ .
12. (Hl), (H2) . $\hat{x},\check{x}$ (2) . $Supp(\hat{x})\subset I\subset Supp(\check{x})$
$I$ , supp(x$*$ ) $=I$ $x^{*}$ .
Proof. $I=supp(\hat{x})$ $I=supp(\check{x})$ , $I\neq supp(\hat{x})$ $I\neq supp(\check{x})$
. $\hat{z}=s(\hat{x}),\check{z}=s(\check{x})$ . $\hat{Z}\leq\check{z}$ , $i\in supp$ (Si)
$0=f_{i}(\hat{x}_{t},\hat{z})\leq f_{i}(\hat{x}_{i},\check{z})$ , $f_{i}(\check{x}_{i},\check{z})=0$ $\hat{x}\iota\leq$ .
, $i\in supp(\hat{x})$ $\hat{x}_{i}\leq\check{x}_{i}$ . , $\hat{z}=s(\hat{x})>s(\check{x})=\check{z}$
, $(supp(\hat{x})\subsetneq supp(\dot{x})$ $)$ . , $\hat{z}>\check{z}$ .
, $f_{i}(p_{i}(z), z)=0,$ $i\in I,$ $p_{i}(z)\equiv 0,$ $i\not\in I$ $P$ : $[\check{z},\hat{z}]arrow$
$(\check{z}>z_{i},$ $i\in I$ ; $p$ ,
). $s(p(\hat{z}))-\hat{z}<s$ ( Si) $-\hat{z}=0$ $s(p(\check{z}))-\dot{z}>s(\check{x})-\check{z}=0$





, (Hl), (H2) $f_{i},$ $s$ , $x^{*}$
.
13. (Hl), (H2) . $v’,$ $s( x)=s_{0}+\sum_{1=1}^{n}$ cixi $f_{i}(x_{i}, z)=r_{i}(x_{i})+$
bihi $(x_{i})g(z)$ . , $r_{i}$ : $\mathbb{R}_{+}arrow \mathbb{R},$ $g:\mathbb{R}arrow \mathbb{R},$ $h_{i}$ : $\mathbb{R}+arrow(0, +\infty),$ $g’>0$ .
, (2) $x^{*}$ $D=\{x\in \mathbb{R}_{+}^{n} :x_{i}>0, i\in supp(x^{*})\}$
.
Proof. $V( x)=\sum_{i=1}^{n}d_{i}(x_{i}^{*}\log x_{i}-x_{i})$ Liapunov . $i\not\in supp(x^{*})$
$x_{1}^{*}=0$ , $V(x)$ $x\in D$ . ,
$\dot{V}(x)=\sum_{:=1}^{n}d_{i}(x_{i}^{*}\frac{\dot{x}_{i}}{x_{i}}-\dot{x}_{i})=\sum_{\mathfrak{i}=1}^{n}d_{i}(x_{\dot{\iota}}^{*}-x_{i})f_{1}\cdot(x_{i}, z)$.
$f_{l}(x_{\dot{t}}^{*}, z^{*})=0,$ $i\in supp(x^{*}),$ $x:=0,$ $i\not\in supp(x^{*})$ ,
$\dot{V}(x)=\sum_{i=1}^{n}d_{i}(x_{i}^{*}-x_{i})\{f_{i}(x_{i}, z)-f_{i}(x_{i}^{*}, z^{*})\}-\sum_{\iota\not\in\sup p(x^{*})}d_{\iota:}xf_{\mathfrak{i}}(x_{i}^{*}, z^{*})$.
1
$\sum_{1=1}^{n}d_{i}(x_{i}^{*}-x_{i})\{f_{i}(x_{i}, z)-f_{i}(x_{1}^{*}, z)\}+\sum_{1=1}^{n}d_{i}(x_{i}^{*}-x_{i})\{f_{i}(x_{i}^{*}, z)-f_{i}(x_{i}^{*}, z^{*})\}$
$=$ $\sum_{j=1}^{n}d_{i}(x:-x_{i})\{f_{i}(x_{i}, z)-f_{j}(x:, z)\}+(g(z)-g(z^{*}))\sum_{i=1}^{n}b_{i}h_{i}(x_{i}^{*})d_{i}(x_{i}^{*}-x_{i})$.
1 $x\neq x^{*}$ . , $d_{i}=-q/b_{i}h_{i}(x_{i}^{*})>0$ , 2
( $b$ $<0$ ). , $x^{*}$ , $x\in D$ ,
$x\neq x^{*}$ , $V(x)>0$ .
Lotka-Volterra . ,
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